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1
VARIABLE DRIVE APPARATUS

FIELD OF THE INVENTION

This invention relates to improvements in mechanical
transmissions suitable for many different uses, including
use with a vehicle or stationary drive systems and is
especially amenable to control by a precession micro-
processor. -

BACKGROUND OF THE INVENTION

Transmissions of different types have been developed
over the years to provide greater control of mechanical
loads, such as the driving wheels of power vehicles. For
the most part, such transmissions, because of their com-
plexity, have not proven to be fully efficient in provid-
ing a practical means to transfer the power of a power
source to a load for operating the load in a wholly
efficient manner. In all automotive transmissions, it is
desirable to enable a vehicle, for instance, to accelerate
to a maximum through a wide speed range, while the
engine of the vehicle operates within its most efficient
torque output range.

It is also desirable to have no limitations as to power
input applied to the transmission and power output
obtained from the transmission. An improvement in fuel
economy would be a very beneficial result of a well
designed transmission. Also, reduction of air pollution 1s
a desirable aim to be considered in the design of trans-
missions. It is also especially preferable to provide, for a
transmission design, a power source having a drive shaft
‘with a constant output speed, such as the drive shafts of
motors, turbines and the like. Moreover, it is desirable
to have a smooth transition through the various shift
points so as to reduce wear and tear on the mechanical
components of the system. If a transmission can be
operated under the influence of a microprocessor,
greater control of the transmission can be achieved than
has heretofore been capable.

The primary object of the present invention i1s to
provide an improved transmission apparatus which is of
the variable ratio type and which can be easily con-
trolled, such as by a microprocessor, through the vari-
ous shift points without noticeable changes in accelera-
tion or engine speed yet the apparatus is simple and
rugged in construction, is made of a relatively few num-

ber of parts and is inexpensive to produce and maintain.

Other objects of this invention will become apparent
as the following specification progresses, reference
being made to the accompanying drawings for an illus-
tration of the invention.

DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic side view of a first embodiment
of the transmission apparatus of the present invention;

FIG. 2 is an enlarged vertical sectional view of the
apparatus unit suitable for use with the present inven-
tion;

FIG. 3 is a sectional view taken along line A—A of
FI1G. 2; |

FIG. 4 is a sectional view taken along line B—B of
FIG. 2; and

FIGS. 5-8 are sectional views taken along lines
C—C, D—D, E—E and F—F, respectively, of FIG. 2.

Control piston 12 as shown in FIG. 2 is cylindrical
and is slidably received within a central bore of valve
body 5. A coil spring 13 at one end of control piston 12
biases the control piston to the left when viewing FIG.
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1. In such position, two axially spaced, annular recesses
in the outer surface of control piston 12 mate with suc-
tion (S) and discharge (D) portions of a fluid passage
through valve body 5. FIG. 2 shows that the recesses
are in full fluid communication with respective suction
(S) and discharge (D) portions of the fluid passage.

A recess 22 at the left-hand side of control piston 12
when viewing FIG. 2 is provided to receive a variable
pressure fluid from passage 20. The pressure of the flwid
from passage 20 forces the control piston 12 to the right
against the bias force of spring 13 to partially or fully
close the annular recesses in the outer surface of the
control piston 12. When the recesses are fully blocked,
i.e., closed, shaft 1 is rigidly connected to shaft 26.
When the recesses are partially blocked, shaft 26 rotates
at a fraction of the speed of rotation of shaft 1.

- DETAILED DESCRIPTION

The embodiment of the transmission apparatus of the
present invention is broadly shown in FIGS. 1 and 2.

In FIG. 1 the numeral 1 denotes the engine, or drive
motor which couples to the generator, or whatever
power equipment is desired. Pump 2 is rotatable while
upper housing 15z and lower housing 165 remains sta-
tionary under all situations. Discharge 19 sends hydrau-
lic oil to the reservoir 6 via the radiator 4 or the thermal
by-pass 52 and/or alternate thermal by-pass 5b. Suction
18 brings hydraulic oil from the reservoir or fluid sup-
ply 6. Pressure regulator 7 regulates the control piston
12 contained within the valve body § of FIG. 2. Control
valve 7 can be either hydraulic (as shown) or pneumatic
and/or electrically operated. |

Rotational torque is applied to the input shaft 1 of
FI1G. 2. FIGS. 2a and 2b represent a standard balanced
vane hydraulic pump enclosed within a specially de-
signed housing which directs the discharge towards the
rear at 180° apart while the suction is also 180 apart and

90° from the discharge though more than four passage-

ways can be used. |

In FIG. 2 valve body or elongated member 5 con-
nects to the back of the pump body 4. The four passage-
ways are sealed with O-ring seals 6a, 65, 6¢c and 6d (6¢
and 64 not shown). The valve body contains the pas-
sageways, relief valve 7, 8, 9 and 10 and the control
piston 12. The valve body 5 rotates about a central axis
and has an output shaft 26 coextensive with such central
axis valve body 5 and the output shaft 26 being rigidly
affixed. -

In the same figure the non-rotational housing 15a and
15b contain the seals 25 as well as the discharge ‘port 19,

suction port 18 and regulation orifice 20.
In a typical operation where there is an input torque

- applied to the input shaft 1 to operate the pump, and the
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output shaft 26 is held stationary, hydraulic oil begins to
circulate through the passageways and the discharge
side D of control piston 12 (FIG. 4), out the discharge
port 19 through the radiator 4, or thermal bypass 9, to
the reservoir 6. From there the suction draws hydraulic
oil back through suction port 18 through the suction
sides of control piston 12 and through the passageways
D and S back to the suction side of the pump in a contin-
uous loop.

As pressure is applied through the control orifice 20
by pressure regulator 7, hydraulic oil enters passage-
ways 22q and 22b to chamber 22 as in FIGS. 1 and 3.
This hydraulic pressure causes control piston 12 to
restrict movement to the right when viewing FIG. 2.
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Such movement blocks the annular recesses in the outer
surface of piston 12 and progressively both the dis-
charge and suction sides of the pump. Chamber 13
which contains the return spring is vented through
vents 14a and 145 to the atmosphere. The increase load
on the pump causes an increase in torque to be applied
to the pump body 4. Because the valve body 5 is rigidly
attached to the pump body this torque is applied in
varying amounts as a function of the movement of pis-
ton 12 to the valve body 5, and this causes rotation of
the output shaft 26 since shaft 26 is rigid to valve body
S.

Should the pressure applied by the pressure regulator
7 be sufficient to slide the control valve far enough to
completely restrict the suction and discharge sides of
the pump, the pump will be under a hydraulic lock
which causes the entire unit to rotate as a single shaft.

5
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Plugs 16a, 165, 17a, 17b, 21a, 21b, 23a and 23b are

sealed plugs which are necessary because of machining
techniques. Plug 11 seals the control valve 12 chamber.

The purpose of the relief valve 8 is to protect the
pump from damage under excessive loads. Section E
shows how the pressure from the discharge side of the
pump is applied to relief piston 9 of FIG. 2. Should the
pressure become higher than that at which it 1s set, the
relief piston 9 will lift allowing the pressure to be re-
turned to the suction side of the pump as shown in
section D. Chamber 10 of the relief valve 8 vents to the
atmosphere through passageways as shown in section F
and FI1G. 2. Plug 7 compresses the relief valve spring
for proper setting.

The pump impeller, pump body 4 and the valve body
all are designed, machined and assembled in such a way
as to be a balanced system at operational rpm whether
the valve body 3 is rotating or not. This means that the
relief valve B and the control piston 12 have to be on
the exact center line of rotation of the pump-valve body
unit.

In this configuration there are four main seals 25
which maintain the hydraulic oil in the proper channels.
The external (after the control valve 12) pressures are
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minimal where as the internal (between the pump and

control valve 12) hydraulic pressures are higher.

The suction 18 and discharge 19 of housing 15¢ and
156 held 1n place by its pressure connections and ridges
are on the valve body 5 which ride under each of the
seals 25. Additional stabilizers can be added if needed
(not shown).

I claim: -

1. Apparatus for coupling a pair of shafts together
comprising:

an elongated member having a central axis and a first,

driven shaft rigid thereto at one end thereof, the
first shaft being coextensive with the central axis of

the member;
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means mounting the member for rotation about said

central axis;

means defining a fluid passage through the member;

means coupled with the member mounting means for
coupling the fluid passage to a reservoir;

means across said passage for pumping fluid from the
reservolr through the passage and back to the res-
ervoir, said pump adapted to be coupled to a sec-
ond drive shaft: |

a control piston in and coaxial with the member and
movable in opposed directions to the member, the
control piston being movable in one direction for
progressively blocking the passage and thereby for
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varying the volume rate of flow of fluid through
the passage, there being a spring biasing the control
piston in the opposite direction; and

fluid means adapted to be coupled to the mounting

means for controlling the movement of said control
piston in said one direction relative to the passage,
“whereby the torque output of the first shaft can be
varied for a given torque input at the second shaft.

2. Apparatus as set forth in claim 1, wherein is in-
cluded means coupled with the member for providing a
relief valve responsive to fluid pressure in said passage.

3. Apparatus as set forth in claim 1, wherein said
passage includes a suction portions and a discharge
portion, and wherein is included a relief valve in the
member for coupling the suction portion to the dis-
charge portion in response to a pressure in the passage
in excess of a predetermined value.

4. Apparatus as set forth in claim 3, wherein said
relief valve includes a movable plug within the member,
said plug being in a bore which is in fluid communica-
tion with the suction and discharge portions of the pas-
sage when the plug 1s in an open position, and means
biasing the plug toward a closed position.

5. Apparatus as set forth in claim 4, wherein said bias
means includes a coil spring in the bore.

6. Apparatus as set forth in claim 1, wherein said
control piston is cylindrical and is provided with a cy-
lindrical outer surface, said recess being in the outer
surface thereof.

7. Apparatus as set forth in claim 1, wherein the pas-
sage includes a suction portion and a discharge portion,
said control piston having a recess for each of said por-
tions, respectively, the recesses being progressively
closed as the control piston moves in one direction
axially of said member.

8. In combination:

a first, driving shaft;

a second, driven shaft:

a tubular support;

an elongated member having a central axis and hav-

ing said second shaft rigid thereto at one end
thereof, the second shaft being coextensive with
the central axis of the member, said support having
means mounting the member for rotation about
such central axis, saitd member having a fluid pas-
sage therethrough, said fluid passage having a suc-
tion portion and a discharge portion; |
- means coupled with the support for coupling the fluid
passage to a reservoir; |
means coupled with said first shaft for pumping fluid
from the reservoir, through the passage and back to
the reservoir, said member having a bore coaxial
therewith: |

a control piston in the bore and movable coaxially

and relative thereto, said control piston having a
pair of axially spaced, annular recesses in the outer
surface thereof, said recesses forming spaced parts
of said fluid passage, said control piston being mov-
able in one direction for progressively blocking the
recesses and thereby for varying the volume rate of
flow of fluid through the passage, there being a
spring biasing the control piston in the opposite
direction relative to the passage; and

means coupled with the member for providing a relief

valve coaxial with the member and responsive to
tfluid pressure in the passage.

9. In combination as set forth'in claim 8, wherein the
relief valve is in a position to couple the suction portion
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to the discharge portion in response to a pressure in the.
‘passage in excess of a predetermined value.

10. Apparatus as set forth in claim 8, wherein said

control piston is cylindrical and is provided with a cy-

6

lindrical outer surface, said recess being in the outer
surface thereof, said recess forming part of the passage

- when the recess is at least partially open.
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